Background: A decision to implement innovative disease management interventions in health plans often requires evidence of clinical benefit and financial impact. The Pediatric Asthma Care Patient Outcomes Research Team II trial evaluated 2 asthma care strategies: a peer leader-based physician behavior change intervention (PLE) and a practice-based redesign called the planned asthma care intervention (PACI).
Results:
Annual costs per patient were as follows: PACI, $1292; PLE, $504; and usual care, $385. The difference in annual SFDs was 6.5 days (95% confidence interval [CI], −3.6 to 16.9 days) for PLE vs usual care and 13.3 days (95% CI, 2.1-24.7 days) for PACI vs usual care. Compared with usual care, the incremental cost-effectiveness ratio was $18 per SFD gained for PLE (95% CI, $5.21-dominated) and $68 per SFD gained for PACI (95% CI, $37.36-$361. 16) .
Conclusions: Results of this study show that it is possible to increase SFDs in children and move organizations toward guideline recommendations on asthma control in settings where most children are receiving controller medications at baseline. However, the improvements were realized with an increase in the costs associated with asthma care.
Arch Pediatr Adolesc Med. 2005; 159:428-434 T HE PEDIATRIC ASTHMA CARE Patient Outcomes Research Team II (PAC-PORT II) trial compared 2 asthma care strategies in children with mild to moderate asthma, a peer leader-based physician behavior change intervention (PLE) and a practicebased redesign (planned asthma care intervention [PACI]), with usual care. 1 The interventions were intended to improve the care provided to children with asthma and their outcomes. Unlike previous organizational interventions, the PAC-PORT II trial was implemented in the primary care setting instead of asthma clinics or relying on referrals. [2] [3] [4] [5] Compared with the usual-care arm, patients randomized to the PLE arm had an annual increase of 6.5 symptom-free days (SFDs), whereas those randomized to the PACI arm had an annual increase of 13.3 SFDs during the study period. 6 To understand whether it makes sense for health care organizations to implement innovative disease management interventions such as the PAC-PORT II trial, health plans often require evidence of the financial impact of the intervention in addition to the clinical benefit. Costeffectiveness analyses are conducted to provide this information and to help understand the economic value of an intervention. Recent cost-effectiveness analyses of interventions in children with
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asthma have shown that treatment with inhaled corticosteroids costs approximately $11 per SFD gained 7 and that a community-based education program for inner-city children costs $9 per SFD gained. 8 In both of these studies, the children included had mild to moderate asthma and most were not receiving controller medications at baseline, 7, 8 whereas more than 50% of the children in the PAC-PORT II trial were receiving an inhaled anti-inflammatory agent on enrollment and few had an asthma-related hospitalization in the prior year. 6 Thus, an outstanding question is whether reorganizing the way children with asthma are cared for in managed care organizations offers additional value to providing appropriate treatment. Our research team has previously demonstrated clinical improvements associated with the practice-based changes 6 ; therefore, the objective of this study was to estimate the cost-effectiveness of the interventions in the PAC-PORT II trial compared with usual asthma care.
METHODS
The PAC-PORT II trial was a 3-arm, randomized trial in which primary care practices were randomized to usual care or 1 of 2 strategies to improve chronic asthma care. The design and analysis plan of the PAC-PORT II trial, including the costeffectiveness analysis, has previously been reported. 1 Research reports that describe the clinical outcomes and overall asthma-related costs have been published. 6, 9 Briefly, the study compared a health care professional-oriented PLE strategy and a multilevel approach that combined PLE with a nurse-run intervention (PACI) with usual care. The trial was conducted in 42 primary care practices affiliated with 4 health care organizations and followed up patients for a 2-year period. Children aged 3 to 17 years with mild to moderate persistent asthma were recruited. The study was intended to be an effectiveness study aimed at replicating a real-world environment in the setting of multiple health care organizations, and all efforts to ensure protocol compliance were consistent with a reasonable and practical primary care-based intervention effort. Human subjects approval for all aspects of the study was obtained from the institutional review boards of all participating organizations.
INTERVENTIONS
The first intervention, a PLE strategy, was intended to improve care through the use of targeted physician education on asthma treatment guidelines. The intervention involved training 1 pediatrician at each of the practice sites as an asthma expert and champion. The peer leader functioned as a change agent within the practice and provided support, education, and feedback to other members of the practice as it related to their asthma management.
The second intervention, a PACI strategy, was a multifaceted approach that sought to better organize asthma care by changing the system of asthma care in each practice. The PACI approach involved scheduled asthma care visits with an asthma nurse who provided standardized assessments, care planning, coordination with the primary care physician, and selfmanagement tools for the patients and their families. Additionally, the PACI arm included all of the components of the PLE arm. Thus, patients were receiving self-directed asthma care and support with active follow-up from an asthma nurse and their primary care physician.
Practices randomized to the usual-care arm of the study received copies of the National Asthma Education and Preven-tion Program Expert Panel Report 2 asthma treatment guidelines 10 and patient informational handouts 12 months into the study. Additional descriptions of the interventions and implementation can be found in the article by Lozano et al. 6 
DATA COLLECTION
Interviews with each participant's primary caregiver, which in most cases was a parent, were conducted at baseline and every 8 weeks throughout the study. At the baseline interview, caregivers reported patients' medication and health care utilization in the previous 12 months and the number of days with asthma symptoms in the previous 2 weeks. At each follow-up interview, health care utilization during an 8-week period, including medications, emergency department visits, and hospitalizations, was reported. The caregivers also reported the number of days in the prior 2 weeks in which the patient experienced asthma symptoms.
EFFECTIVENESS MEASURE
The number of asthma symptom days was the primary outcome measure in the analysis. Caregivers reported the number of days in the preceding 2 weeks that patients experienced any asthma symptoms (including cough, wheeze, limitation in activity, or night wakening). For the cost-effectiveness analysis, the number of SFDs was used as the measure of effectiveness. Symptom-free days have been recognized as a clinical outcome with relevance to patients, physicians, and other decision makers. 11 The number of SFDs reported for the 2-week period preceding each of the follow-up interviews was used as the estimate for the number of SFDs in the time between reporting periods and to estimate cumulative SFDs for the study period.
UNIT COST ESTIMATION
The unit costs (in 1999 US dollars) for hospital days, emergency department visits, and physician visits were derived from a large medical and pharmacy claims database (PharMetrics Integrated Outcomes Database; http://www.pharmetrics.com). Patient-level medical claim histories of more than 16 million managed care cases, including adults, adolescents, and children, from diverse health plans across the United States were available in the database. This represented more than 400 million patient observations of medical and pharmacy-related claims during a rolling 4-year period. Physician visit costs were calculated as the weighted average of the cost of the first visit and subsequent follow-up visits.
Asthma-related drugs were grouped into 6 therapeutic classes (short-acting and long-acting bronchodilators, methylxanthines, cromoglycate and cromoglycate derivates, inhaled corticosteroids, leukotriene antagonists, and systemic corticosteroids). Unit cost estimates were based on US average wholesale prices (or unit costs) and were reduced by 15% to approximate actual acquisition costs. 12 Exact dosage information was not reported by the caregivers; thus, cost calculations were based on the assumption of standard dose per day (recommended daily dose per product formulation for children).
COST OF THE INTERVENTION
The costs of the interventions were estimated using a simple cost allocation method that summed fixed and variable costs for program implementation and maintenance and included personnel, materials, and training costs ( Table 1) . We excluded costs of development in the base case analysis to make the results applicable to managed care organizations that were implementing the interventions without having to redesign the intervention arms. Wage rates for personnel were estimated using national average wage rates for physicians, nurses, and support personnel. 13 Facility rental, supplies, and intervention-related materials and aids were valued at actual cost. Research-related costs were excluded (eg, costs of conducting follow-up interviews). Intervention costs were included in direct medical costs.
COST-EFFECTIVENESS
The primary cost-effectiveness evaluation, using an intent-totreat approach, was conducted from a health care payer perspective. Outcomes, costs, and cost-effectiveness were evaluated during the 2-year study period. The difference between treatments in costs and effectiveness and the incremental cost-effectiveness ratio (ICER) were calculated. A separate analysis was run to assess cost-effectiveness by including an estimate of nonmedical indirect costs. The intention of this analysis was to approximate an evaluation from the broader societal perspective.
The costs for a day absent from school were estimated using the human capital approach. Absences from school were valued using an estimate of the daily wage rate of the caregiver. Mean daily wage rates were estimated using the method of Rice and Max for the US workforce as described by Sullivan et al. 7 
STATISTICAL ANALYSIS
Subtracting the mean medical cost for the usual-care group from that for the intervention groups and then dividing by the mean difference in SFDs between groups gives the ICER. This computation produced a ratio of the mean medical cost per SFD gained. Differences in effectiveness between groups was assessed with multivariate generalized estimating equations (GEE) models that controlled for baseline differences. 6 Person-level costs were obtained by multiplying each child's health care utilization with a unit cost for the type of medical care. Individual costs for the intervention were obtained similarly by determining the total costs of the interventions and dividing it by the number of patients in each arm. We applied bootstrap resampling techniques to quantify the variability associated with the ICER, from which 95% confidence intervals (CIs) were estimated and cost-effectiveness acceptability curves were plotted. 14 The acceptability curves provide a quantification of the joint uncertainty in the cost and effectiveness outcomes, as well as being useful for decision makers in understanding the likelihood of the interventions being cost-effective at certain health care willingness-to-pay threshold levels.
SENSITIVITY ANALYSIS
Sensitivity analyses included changing the unit cost values, including the developmental costs of the interventions, and including indirect costs of caregiver absence from work to attend to ill children. Finally, to assess the economic value in subgroups, we used net health benefit regression methods and stratified analyses to identify subgroups in which costeffectiveness estimates may differ. 15 The effectiveness of the interventions in these subgroups was assessed using stratified multivariate GEE models.
RESULTS
A total of 638 children participated in the study, with 199 assigned to usual care, 226 to PLE, and 213 to PACI. Selected baseline characteristics of the groups are given in Table 2 . Most participants were male, and the mean age was 9.4 years. Nearly 1 of 4 patients in each arm required an emergency department visit in the year before their enrollment. Differences between groups existed in baseline reports of SFDs, cromolyn sodium or nedocromil sodium use, and bronchodilator use.
Patients in the usual-care arm of the study had an increase in SFDs of 14.8 per year during the study period. Patients in the PACI arm had an additional gain of 13.3 (95% CI, 2.1-24.7) SFDs per year compared with the usualcare group. In the PLE arm, the gain in SFDs per year compared with usual care was 6.5 days (95% CI, −3.6 to 16.9 days). 6 The average number of physician visits during the 2-year follow-up period was 4.70 in the PACI arm, 3.24 in the usual-care arm, and 3.12 in the PLE arm (P=.002 for PACI compared with usual care and PLE) ( Table 3 ). The average number of hospital days and emergency department visits was not different between groups. Abbreviations: PACI, planned asthma care intervention; PLE, peer leader-based physician behavior change intervention.
*Personnel costs were divided into 3 categories: physicians (costs for pediatricians and allergists [primarily study investigator time but also includes locum tenens for physician substitution during PLE sessions at 1 site while PLE physician time was donated within other 2 organizations] involved in the study); nurses (costs for asthma nurses and nurse education coordinators); and other (costs for research personnel that include project coordinators, research assistants, and programmers).
†Nonpersonnel costs were divided into 3 categories: materials and devices (costs for printing and patient and physician education packets); facilities (costs for room rental, refreshments, and teleconferences); and other (costs for parking, travel, and computer equipment).
‡Numbers may not total precisely because of rounding.
(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 159, MAY 2005 In the PACI arm, the total costs for the intervention were $475 265, which consisted of $127 520 (92.7% personnel costs) in development costs, $137 048 (87.2% personnel costs) in implementation costs, and $210 697 (92.4% personnel costs) to maintain the intervention during the study period. In the PLE arm, the total intervention costs were $111 486, with $39 234 (93.2% personnel) attributed to development, $37 239 (79.3% personnel) for implementation, and $35 013 (90.8% personnel) for maintenance. The per-patient component costs of the interventions are detailed in Table 1 . Annual treatment costs, including medications and health care contacts (ie, hospitalizations or emergency department visits), were lowest in the PLE arm ($344) followed by the usual care arm ($385) and the PACI arm ($475) ( Table 4 ). When treatment and intervention costs (implementation and maintenance) were combined, the annual per patient costs were $1292 for PACI, $504 for PLE, and $385 for usual care.
When costs of development were excluded, the difference in annual per patient costs between the intervention groups and usual care was $907 for PACI and $119 for PLE. Combining the difference in costs with the difference in effectiveness resulted in an ICER of $18 per SFD gained for PLE compared with usual care. The 95% CI ranged from $5 to dominated. A dominated health care intervention is one in which the strategy is more expensive and less effective when compared with usual care. The ICER was $68 per SFD gained for PACI compared with usual care (95% CI, $37-$361 per SFD gained) ( Table 5 ). Plotting cost-effectiveness acceptability curves provides health care purchasers an estimate of the likelihood that an intervention is cost-effective at various amounts a purchaser may be willing to pay for the intervention. The proportion of bootstrap replicates (yaxis) falling below ICER threshold values (x-axis) were plotted for both PACI and PLE and allow purchasers and reimbursement authorities to determine the likelihood of the intervention being cost-effective at various costs per SFD thresholds that they may be willing to pay for asthma care (Figure) . For example, at a threshold of $75 per SFD gained (vertical blue line), the probability that PLE is cost-effective is 84.5% and the probability that PACI is cost-effective is 57.4%.
When developmental costs were included in the analysis, the ICERs were $32 per SFD gained for PLE compared with usual care and $91 per SFD gained for PACI compared with usual care. The difference in costs between the intervention arms and the usual-care arm was similar when the indirect costs were included (Table 5) . Thus, the ICERs for the analysis that included indirect costs (PLE vs usual care=$18 per SFD gained; PACI vs usual care=$69 per SFD gained) were similar to those in the analysis that included only direct costs.
Age stratification was the only subgroup analysis that produced a difference in the ICER of potential policy interest. In this analysis, the ICERs were lower in older children (aged 7-16 years) than in the base case analysis ( Table 5 ). 
COMMENT
The PAC-PORT II trial was designed to evaluate the effectiveness of 2 interventions in the primary care setting for improving outcomes in children with asthma. Results showed that the PACI intervention improved SFDs by a mean of 13.3 days 6 at an additional median cost of $564. 9 The PACI intervention was a multilevel education intervention that made use of an asthma nurse for patient education and physician peer leaders to educate other primary care physicians on guideline-appropriate management. When evaluated alone, the PLE intervention did not improve SFDs at conventional statistical levels. Notably, both of the interventions increased the costs associated with asthma treatment, primarily owing to the costs of the interventions. The cost-effectiveness ratios comparing usual care with the 2 interventions show that the gain in health benefits from PACI can be achieved at an incrementally higher cost. These higher costs are largely attributable to the cost of implementing and maintaining the intervention during the study period. Several previous economic studies of organizational interventions in children with asthma have been simple cost evaluations rather than cost-effectiveness analyses. Some have been conducted as simple pre-post designs to compare costs or have failed to include the costs of the intervention. 3, 5, [16] [17] [18] [19] [20] The intervention most similar to the PAC-PORT II trial, in that it was a randomized clinical trial with a health economic evaluation, is the National Cooperative Inner-City Asthma Study (NCICAS). 8 The NCICAS included an asthma social worker who coordinated access to medical care services for children with asthma; however, it was in a much different population from that in the PAC-PORT II trial. The NCICAS population included children with asthma from 8 inner-city areas in the United States who were predominantly enrolled in Medicaid fee-for-service programs. The NCICAS intervention reported a gain in SFDs that was similar to what we report. However, the cost of developing and deploying the intervention was much less, in large part be- Abbreviations: PACI, planned asthma care intervention; PLE, peer leader-based physician behavior change intervention. Abbreviations: ICER, incremental cost-effectiveness ratio; PACI, planned asthma care intervention; PLE, peer leader-based physician behavior change intervention; SFD, symptom-free day.
*Differences calculated as intervention minus usual care. †Interpreted as the cost per gain in SFDs. ‡Sample sizes in stratified analyses were as follows: 3 to 6 years of age: PLE, n = 54; PACI, n = 48; and usual care, n = 49; and 7 to 16 years of age: PLE, n = 172; PACI, n = 163; and usual care, n = 150.
§PACI was less effective and more expensive than usual care. Figure. Cost-effectiveness acceptability curves for the planned asthma care intervention (PACI) and peer leader-based physician behavior change intervention (PLE). The curves show the probability of the intervention being cost-effective at different thresholds, representing the maximum amount a budget holder would be willing to pay for a new intervention. For example, at a threshold of $75 per symptom-free day (SFD) gained (vertical blue line), the probability that PLE is cost-effective is 84.5% and the probability that PACI is cost-effective is 57.4%. ICER indicates incremental cost-effectiveness ratio.
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No agreed-on threshold for cost-effectiveness exists. However, when considering cost-effectiveness analyses in children with asthma, we can compare the estimates from the PAC-PORT II trial with the cost-effectiveness ratios of other interventions in children with asthma to understand the context of the results. The costeffectiveness of inhaled corticosteroids in the treatment of children, when adjusted to 2002 US dollars, ranges from $7 to $12 per SFD gained. 7, 21 The NCICAS social workerbased education intervention compared with usual care had a cost-effectiveness ratio of $9 per SFD gained. 8 The ICERs for PACI and PLE are higher than those reported for inhaled corticosteroids and an educational intervention; however, it is unclear how they compare with other organizational change interventions in children with asthma. These cost-effectiveness analyses compared interventions in children who were being treated suboptimally at baseline, had more severe disease, and were likely to benefit from the intervention, whereas in the PAC-PORT II trial, more than 50% of the children enrolled in the study were taking inhaled anti-inflammatory medications before enrollment and had low baseline hospitalization rates. 6 To understand the uncertainty in the point estimates for the cost-effectiveness ratios and to help health care purchasers make decisions regarding implementation of the interventions, we generated cost-effectiveness acceptability curves. This display of the results allows purchasers, whether a managed care organization or state Medicaid program, to determine the probability of the intervention being cost-effective at levels they would be willing to pay for gains in asthma SFDs. Health care delivery systems (managed care organizations or others) and insurers (public or employer based) would presumably consider what "return on investment" they might expect from providing or covering enhanced services such as PLE or PACI. Since PLE and PACI improve health while adding cost, both health care delivery systems and insurers would need to contemplate the added value in their marketplace of this enhanced quality of care for children with asthma vs the added costs to their operations (delivery systems) or price (insurers). Patients and/or parents, in turn, would need to frame cost and return-on-investment considerations in their own terms. If PACI services, for example, add 13 SFDs per year at a cost of $68 per additional SFD gained, a parent of a child with persistent asthma might consider whether a day at work instead of at home taking care of a child with asthma was worth $68, whether 13 fewer sleepdisturbed nights were worth $68 per night, or whether the child with asthma who was a competitive swimmer would want to have fewer symptom-burdened days during the swim season at $68 per day. If this value for the money seems reasonable, the PACI service (or insurance benefit) might be a worthwhile investment.
A ratio of $50 000 per quality-adjusted life-year (QALY) is frequently cited as a threshold for economic evaluations that use QALYs as the measure of effectiveness, which has been recommended by the US Panel on Cost-effectiveness in Health and Medicine. 22 In this study, the primary outcome measure was SFDs. Therefore, cost-effectiveness ra-tios are presented in terms of cost per SFD gained, which was the outcome recommended by a National Institutes of Health consensus panel and is frequently used in costeffectiveness analyses of asthma interventions. 11 Treatment costs were similar among the study arms, but the costs of the intervention caused PACI and PLE to be more expensive than the usual care provided by these organizations. However, the overall annual asthmarelated treatment costs among the children in the health care organizations that participated in this study are much lower than those reported previously for children with asthma. 23 Reductions in the intervention costs would reduce the ICERs for PACI and PLE. Economies of scale may reduce the cost per patient if the intervention is rolled out to all children with asthma in a health plan. The study was powered to evaluate the clinical effectiveness of the interventions and was necessarily limited to a sample of children from each practice. Implementing the intervention in a health plan in which all patients with asthma can be enrolled may reduce the per child cost of the interventions. The per child costs of the intervention are likely to decrease if more children are included as economies of scale are realized for some components of the intervention. Additionally, reduction in the inefficiencies in the delivery of the interventions, particularly in the case of nurse case manager time in the PACI arm, in which nurses spent significant time traveling between clinics to deliver the intervention, would result in more favorable cost-effectiveness ratios. Thus, delivery of the intervention to all eligible children with asthma in a clinic and using clinic-based nurse managers may improve the cost-effectiveness of the PACI intervention.
This study has several limitations. Those limitations specific to the PAC-PORT II trial are described in detail in the article by Lozano et al. 6 For cost-effectiveness, we mentioned that this study did not take a full societal perspective. To do so, we would have required additional data collection, such as estimates of travel and waiting times for the children and caregivers. Determining the actual costs of the 2 interventions was challenging, given the nature of clinical research budgets and the artificial nature of a clinical trial setting. We used microcosting methods for cost determination but acknowledge that we may have overestimated or underestimated various intervention cost components in the process. A sensitivity analysis of intervention costs showed that eliminating development costs from the calculations improved the costeffectiveness of the interventions. This is not surprising given that the incremental cost of health technology frequently drives the ICER. We did not compute ICERs in terms of cost per QALY gained. A cost per QALY estimate would have allowed us to compare the value of PACI and PLE with other health care interventions. The utility elicitation methods for estimating QALYs were not shown to be valid in children with chronic disease and have several methodologic limitations. 24 We could have used a crosswalk between other measures, such as lung function 25 or health status measures, 26 to estimate QALYs. Unfortunately, the crosswalk studies were conducted in adult populations, and the relevance to our sample is questionable. Our results may not apply to special populations of children such as Medicaid or uninsured groups.
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